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This invention relates to means for selecting a desired 
output voltage from among a plurality of available volt 
ages, and more particularly to a variable voltage switch 
ing device adapted to add and substract voltages selec 
tively. The variable voltage switching device of the 
present invention is particularly useful in electronic ap 
paratus, such as a tube tester, wherein a plurality of volt 
ages within a predetermined range are desired. 

It has been proposed to provide a plurality of voltages 
for electronic equipment by dividing a relatively large 
voltage with dividers of the variable resistance type. 
While such dividers are quite suitable for certain appli 
cations, the output voltage obtained from any resistance 
type divider is dependent on the current drawn through 
the voltage dropping portion of the divider. This fea 
ture makes resistance dividers unsuitable in many appli 
cations where variations in load current may apply. 

Accordingly, it is an object of the present invention 
to provide an improved variable voltage switching device. 

It is another object of the present invention to pro 
vide an improved variable voltage switching device com 
prising, in combination, a plurality of switching assem 
blies interconnected with taps on a multi-winding trans 
former in a manner whereby voltages may be added and 
subtracted to provide a continuous range of output volt 
ageS. 
A further object of the present invention is to provide 

an improved variable voltage switching device that is 
relatively simple in construction and operation, and 
highly eficient in use. 
These objects and related advantages of the present 

invention are attained in a variable voltage switching de 
vice comprising a multi-winding transformer and a plu 
rality of switches in a novel circuit therewith. The trans 
former cornprises a primary winding and at least two 
secondary windings. Two switching assemblies, each 
having a pirality of fixed contacts, a common contact, 
and reans to connect one of the fixed contacts to the 
common contact selectively, are associated with each 
secondary winding. Two sets of fixed contacts of a pair 
of switching assemblies are connected in parallel with 
taps on each secondary winding. By connecting a coin 
mon contact of each pair of switching assemblies asso 
ciated with each of the secondary windings to each other, 
output voltages may be obtained between the remaining 
common contacts of the switching assemblies. Also, by 
dividing each of the secondary windings into sections of 
a predetermined turns ratio, it is possible to get a contin 
uous range of output voltages, in equal steps, by alge 
braically adding the voltages of the secondary windings 
in phase or out of phase. 
The novel features of the present invention, as well 

as the invention itself, both as to its organization and 
method of operation, will be understood in detail froin 
the following description when considered in connection 
with the accompanying drawing which is a schematic 
diagram of a variable voltage switching device in accord 
ance with the present invention. 
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Referring now to the drawing, there is shown a vari 

able voltage switching device 10 comprising a trans 
former having a primary winding 12 and at least two 
secondary windings 14 and 16. The primary winding 
12 and the secondary windings 14 and 16 are wound 
around an iron core 18 in the same direction, as indi 
cated by the dots adjacent to these windings. The ends 
of the primary winding 12 are connected to a pair of in 
put terminals 20 and 22 for applying a suitable source 
of alternating current (A.-C.) voltage thereto. It will 
now be understood that the secondary windings 14 and 
16 are inductively coupled to the primary winding 12, 
and that the voltages appearing across these secondary 
windings will be a function of the ratio of their turns to 
the turns of the primary 2. 
Means are provided to divide each of the primary 

windings 4 and 6 into a plurality of sections of a pre 
determined turns ratio. To this end, taps 24, 26, 28, 
30, 32, and 34 on the secondary winding 16 divide this 
winding into sections 25, 27, 29, 31, and 33 having a 
turns ratio of 1:2:3:4:1 with respect to each other. 
By choosing the proper ratio of turns of the secondary 

16 to the primary 12, the voltages across the sections 25, 
27, 29, 3, and 33 of the secondary winding 16 may be 
10 v. 20 v., 30 v., 40 v., and 10 v. 
The secondary winding 14 may be divided, in a man 

ner similar to that of the secondary 6, into sections 
37, 39, 42, 43, and 45 by means of taps 36, 38, 40, 42, 
44, and 46. The turns ratio of the sections 37, 39, 41, 
43, and 45 is also 1:2:3:4:1 with respect to each other. 

In the example illustrated by the drawing, the volt 
ages across the sections 37, 39, 4, 43, and 45 of the sec 
ondary winding 4 are 0.5 v., 1.0 v., 1.5 v., 2.0 v., and 
0.5 v., respectively. Thus, it will be understood that the 
secondary windings 4 and i6 are divided into sections 
having a similar turns ratio with respect to each other in 
each winding, but the turns of each of the sections of 
the secondary winding 6 are an integral multiple of 
the turns of corresponding sections of the primary wind 
ing 14. In the example illustrated in the drawing, the 
turns ratio of corresponding sections of the secondary 
windings 16 and 14 is 20:1. 
A pair of switching assemblies, hereinafter called 

switches, is connected to each secondary winding. The 
switches may be similar and each switch is disclosed, for 
the sake of circuit simplicity, as the usual rotary type of 
switch ihaving a series of stationary contacts numbered in 
order from 1 to 6. A movable switch arm 8 on each 
switch engages the stationary contacts. The contact 7 
is common to the contacts 1 to 6 since the arm 8 can en 
gage these contacts selectively. The switches are inter 
connected in a manner so that the voltage across one 
or more sections in one secondary winding may be added 
in phase or out of phase, selectively, to the voltage across 
one or more sections of the other secondary winding to 
provide a desired output voltage. Thus, a pair of 
switches S5 and S2 are associated with the secondary 
winding 26, and a pair of switches S3 and S4 are asso 
ciated with the secondary winding 14. 
A set of fixed contacts 1, 2, 3, 4, 5, and 6 of the switch 

S is connected in parallel with a set of fixed contacts 
1, 2, 3, 4, 5, and 6 of the switch S2 and with the taps 24 
and 26, 26, 36, 32, and 34 of the secondary winding 16. 
In a similar manner, a set of fixed contacts 1, 2, 3, 4, 5 
and 6 of the Switch S3 is connected in parallel with a set 
of fixed contacts 1, 2, 3, 4, 5, and 6 of the switch S4 and 
with taps 36, 38, 46, 42, 44, and 46 on the secondary 
winding 4. A common contact 7 of the Switch S1 is 
connected to the common contact 7 of the switch S3. The 
common contacts 7 of the Switches S2 and S4 are con 
nected to a pair of output terminals 48 and 50, respec 
tively. Each of the switches S1, S2, S3, and S4 has a 
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contact selecting means 8 to connect one of the fixed 
contacts 1, 2, 3, 4, 5 and 6 to its associated common con 
tact 7, selectively. 
The operation of the variable voltage switching device 

10 will now be described. Let it be assumed that a suit 
able source of A-C. voltage is applied to the input termi 
nals 20 and 22 of the primary winding 2, and the trans 
formed voltages previously mentioned, and illustrated in 
the drawing, appear across the sections 25-33 and 37 
45 of the secondary windings 6 and 14, respectively. 
The variable voltage switching device 16 is capable of 
providing, in steps of 0.5 v., voltages from 0.5 v. to 115.5 
v. between the output terminals 48 and 50. This is ac 
complished by adding or subtracting the voltage across 
one or more sections of one secondary winding and the 
voltage across one or more sections of the other second 
ary winding. With the switching arrangement of the 
present invention it is also possible to use the voltage of 
one or more sections of a single secondary winding. 

Let it be desired, for example, to provide 0.0 v. between 
the output terminals 48 and 50. Each of the contact 
selecting means 8 of the switches S1, S2, S3, and S4 is 
moved to its respective contact 1. The voltage between 
the output terminals 48 and 50 will now be 0.0 v. 

If 10 v. are desired between the output terminals 48 
and 50, each of the contact selecting means 8 of switches 
S3 and S4 is placed on its respective fixed contact 1; the 
contact selecting means 8 of switch Si is connected with 
its fixed contact 1; and the contact selecting means 8 of 
switch S2 is connected to its fixed contact 2. In this ex 
ample, it is noted that the voitage across one section 25 
of the secondary winding 16 is used, and no voltages of 
the sections of the secondary winding 4 are used. 

Let it be desired to obtain an output voltage of 53.5 v. 
between the output terminals 48 and 50. The contact 
selecting means 8 of the switch S4 is connected to its cor 
responding fixed contact 3; the contact selecting means 8 
of Switch S3 is connected to its corresponding fixed con 
tact 5; the contact selecting means 8 of Switch Si is con 
nected to its corresponding fixed contact 2; and the con 
tact selecting means 8 of Switch S2 is connected with its 
corresponding fixed contact 4. This is the example illus 
trated by the positions of the contact selecting means 8 
of the switches S1, S2, S3, and S4 shown in the drawing. 
In this case it will be noted that 50 v. across the sections 
27 and 29 of the secondary winding 16 are added to 3.5 v. 
across the sections 4 and 43 of the secondary winding 14. 

If 46.5 v. are desired between the output terminals 48 
and 50, this voltage may be obtained by subtracting 3.5 v. 
from 50 v. This is obtained by connecting the contact 
selecting means 8 of switch S4 to its associated fixed con 
tact 5; the contact selecting means 8 of Switch S3 is con 
nected to its associated fixed contact 3; the contact select 
ing means 8 of switch is connected to its associated fixed 
contacts 2; and the contact selecting means 8 of Switch S2 
is connected with its associated fixed contact 4. The out 
put voltage between the output terminals 48 and 53 will 
now be 46.5 v. It will be noted that this example differs 
from the previous cine in that the contact selecting means 
8 of the switches S3 and S4 have been reversed. By this 
reversal, the phase of the voltage across the sections 
4 and 43 of the secondary winding 14 is reversed with 
respect to the voltage across the sections 27 and 29 of the 
secondary winding 16. This provides the algebraic sum 
of the two voltages, in out of phase relationship. This is, 
in effect, a subtraction of the two voltages. 

Let it be desired now to obtain a voltage of 85.5 v. be 
tween the output terminals 48 and 59. The contact select 
ing means 8 of switch S4 is placed in contact with its asso 
ciated fixed contact 1; the contact selecting means 8 of 
switch S3 is placed in contact with its associated fixed 
contact 6; the contact selecting means 8 of switch Si is 
placed in contact with its associated fixed contact 3; and 
the contact selecting means 8 of switch S2 is placed in 
contact with its associated fixed contact 6. The output 
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4 
voltage is now 85.5 v. This is equal to the algebraic sum 
of similarly phased voltages. It will be noted that to ob 
tain this output voltage, as a part of a continuous range of 
output voltages, the turns ratio of the sections of each 
of the secondary windings 14 and 16 has to be 1:2:3:4:1. 

It will be obvious that the example of voltages shown 
and described are merely illustrative, and are by no means 
to be considered in a limiting sense. 
While the switches S1, S2, S3, and S4 have been 

shown as rotary type switches, it will be understood that 
any switching assemblies wherein any one of a plurality 
of contacts may be connected to a common contact, selec 
tively, may be used within the scope of the present in 
vention. 
What is claimed is: 
. Means for obtaining a voltage of predetermined am 

plitude comprising at least two separate sources of alter 
nating current voltage, each of said sources bearing a pre 
determined phase relationship with respect to the other 
and being divided into voltages of lesser amplitude, a 
plurality of switches each comprising a plurality of fixed 
contacts, a common contact, and means to connect said 
common contact selectively with a predetermined one 
of said fixed contacts, a pair of said switches having their 
corresponding fixed contacts connected to each other in 
parallel and to a separate voltage point in each of said 
voltage sources, respectively, means connecting one of 
said common contacts in one of said pair of switches di 
rectly to another common contact in another pair of said 
switches, and output means connected directly to remain 
ing common contacts of said one and said other pairs of 
switches. 

2. A device for obtaining selected alternating current 
voltages comprising a plurality of alternating current 
voltage sources, each of said sources having the same 
instantaneous polarity, a pair of Switches associated with 
each source, each of said pairs of Switches having cor 
responding fixed contacts thereof connected in parallel 
with each other and with separate connections to inter 
mediate voltage points on its associated voltage source, 
each switch having a common contact and means to con 
nect said common contact with a selected one of said 
fixed contacts, corresponding common contacts of one 
switch of each pair being directly interconnected, output 
terminals, and the remaining common contacts of each 
pair being connected directly to said output terminals. 

3. A variable voltage switching device comprising a 
transformer having a primary winding and at least two 
secondary windings, a plurality of taps on each of said 
secondary windings, a separate pair of sets of contacts 
connected in parallel with each of said taps in each of 
said secondary windings, a separate common contact as 
sociated with each of said sets of contacts, means con 
necting two of said common contacts associated with 
separate pairs of sets of contacts directly to each other, 
output means connected directly to the remaining com 
mon contacts associated with said separate pairs of sets of 
contacts, and means connecting each of Said cominori 
contacts selectively with a separate one of said contacts 
in each of its associated set of contacts, whereby induced 
voltages in one of said secondary windings may be added 
algebraically to induced voltages in the other of said 
secondary windings. 

4. A variable voltage switching device comprising a 
transformer having a primary winding and at least two 
secondary windings, a plurality of taps on each of said 
secondary windings, a separate pair of sets of contacts 
connected in parallel with each of said taps in each of 
said secondary windings, a separate common contact 
associated with each of said sets of contacts, means con 
necting two of said common contacts associated with 
separate pairs of sets of contacts directly to each other, 
output means connected directly to the remaining com 
mon contacts associated with said separate pairs of sets 
of contacts, means connecting each of said common 
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contacts selectively with a separate one of said contacts 
in each of its associated set of contacts whereby induced 
voltages in one of said seconciary windings may be added 
or subtracted to induced voltages in the other of said 
secondary windings, and said taps on at least one of said 
secondary windings dividing said one secondary wind 
ing into sections having a turns ratio of 1:2:3:4::1, re 
spectively. 

5. A variable voltage switching device comprising a 
transformer having a primary winding and at least two 
secondary windings, means to apply an A-C. voltage to 
said primary winding, a plurality of taps on each of said 
secondary windings, at least four switching assemblies 
each having a plurality of fixed contacts, a common coin 
tact, and means for selectively connecting one of said 
fixed contacts to said common contact, means connecting 
each of said taps in one of said secondary windings to a 
separate fixed contact in each of a first pair of said 
switching assemblies, means connecting each of said taps 
in another of said secondary windings to a separate fixed 
contact in each of a second pair of said Switching as 
semblies, means connecting one of said common con 
tacts in said first pair of Switching assemblies directly to 
one of said common contacts in said second pair of 
switching assemblies, and output means connected directly 
to the other common contacts in each of said first and 
second pairs of switching assemblies. 
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6. A variable voltage switching device comprising a 

transformer having a primary winding and at least two 
secondary windings, means to apply an A-C. voltage to 
said primary winding, a plurality of taps on each of said 
secondary windings, at least four switching assemblies 
each having a plurality of fixed contacts, a common con 
tact, and means for selectively connecting one of said 
fixed contacts to said common contact, means connecting 
each of said taps in one of said secondary windings to a 
separate fixed contact in each of a first pair of said 
Switching assemblies, means connecting each of said taps 
in another of said secondary windings to a separate fixed 
contact in each of a second pair of said switching as 
semblies, means connecting one of said common contacts 
in said first pair of Switching assemblies directly to one 
of said common contacts in said second pair of switch 
ing assemblies, output means connected directly to the 
other common contacts in each of said first and second 
pairs of switching assemblies, and said taps on at least 
one of said secondary windings dividing it into sections 
having a turns ratio of 1:2:3:4::1, respectively, with re 
spect to each other. 
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